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(54) METHOD OF CLEANING MICROSCOPIC STRUCTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To establish a method of cleaning a microscopic 
structure, which finds cleaning components to display a high cleaning force by 
adding the cleaning components to a liquid carbon dioxide to show an excellent 
cleaning effect. 

SOLUTION: The method of cleaning the microscopic structure is the one that 



removes a material being adhered on the microscopic structure and this method 
of cleaning the microscopic structure is characterized in that a cleaning agent 
composition essentially containing a carbon dioxide, a cleaning component 
which is noncompatible to the carbon dioxide and a compatibilizing agent is 
turned into a fluid under a high pressure to bring the microscopic structure into 
contact with the fluid. 



LEGAL STATUS [Date of request for examination] 06.03.2001 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's decision of 
rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)l 

[Claim 1] The washing approach of the fine structure object characterized by 
making into the shape of a fluid the cleaning agent constituent which is the 
washing approach for removing the matter adhering to a fine structure object, 
and contains an immiscible washing component and a compatibilizer in a carbon 
dioxide and a carbon dioxide in indispensable under high pressure, and 
contacting said fine structure object. 

[Claim 2] The washing approach according to claim 1 that a carbon dioxide, a 
washing component, and a compatibilizer dissolve in homogeneity under high 
pressure, and have become fluid-like. 



[Claim 3] The washing approach according to claim 1 that a carbon dioxide, a 
washing component, and a compatibilizer form an emulsification condition under 
high pressure, and have become fluid-like. 

[Claim 4] The washing approach according to claim 1 to 3 that a washing 
component is an alkali. 

[Claim 5] The washing approach according to claim 1 to 4 that alkalis are one or 
more sorts of compounds chosen from the group which consists of a quaternary 
ammonium hydroxide, a quaternary ammonium fluoride, alkylamine, 
alkanolamine, a hydroxylamine, and ammonium fluoride. 

[Claim 6] The washing approach according to claim 1 to 5 that a compatibilizer is 
alcohol. 

[Claim 7] The fine structure object characterized by being washed by the 
washing approach according to claim 1 to 6. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the washing approach for 



carrying out exfoliation rennoval of tlie resist in a semi-conductor manufacture 
process etc. from a semi-conductor substrate, concerning the washing approach 
for the structure which has detailed irregularity (fine structure front face) on a 
front face like a semi-conductor substrate. 
[0002] 

[Description of the Prior Art] When carrying out pattern formation using a resist in 
a semi-conductor manufacture process, in order to remove discard and 
pollutants, such as a resist which becomes unnecessary after pattern formation, 
and the etching residue which is formed at the time of etching and remains, from 
a substrate, the wet washing approach which is immersed in exfoliation liquid 
and carries out the rinse of the semi-conductor substrate with alcohol or 
ultrapure water after that is adopted. 

[0003] As exfoliation liquid, although the compound of an organic system or an 
inorganic system has been used The problem of the ability not to make 
exfoliation liquid permeate the crevice of the pattern made detailed according to 
causes, like the surface tension and viscosity of a liquid are high. Since there 
was a problem on which the heights of a pattern collapse by the capillary force 
produced in a gas-liquid interface, the cubical expansion by heating in the case 
of desiccation, etc. when drying exfoliation liquid and a rinse, recently, 
examination which uses the carbon dioxide of the supercritical of hypoviscosity 



as exfoliation liquid or a rinse is made. 

[0004] Since a detergency is insufficient if the solvent power over a pollutant is 
inadequate and it is independent although this carbon dioxide functions as a 
hypoviscosity solvent, it is indicated by JP,10-125644,A that additives, such as 
water or methane, and the surfactant which has a CFx functional group may be 
further added to the carbon dioxide of a supercritical condition. Moreover, it is 
indicated by JP,8-101963,A that dimethyl sulfoxide, dimethylformamide, etc. 
may be added to a carbon dioxide. 

[0005] However, when this invention person etc. inquires and resists which 
cannot exfoliate easily, such as a novolak mold phenol resin system resist, are 
formed even if it adds these additives, the exfoliation force is inadequate and 
there is room of an improvement. 

[0006] moreover, the approach the organic system compound under ordinary 
pressure performs an exfoliation process, and a supercritical carbon dioxide 
performs the continuing rinse process is also proposed - **** (JP,9-43857,A) 
since the exfoliation (washing) process is performed by ordinary pressure, the 
lack of penetrating power to a detailed pattern is not solved. 
[0007] 

[Problem(s) to be Solved by the Invention] So, in this invention, it hung up as a 
technical problem offering the washing approach which shows the cleaning 



effect which found out the washing component which demonstrates a high 

detergency and was excellent in adding to a liquefied carbon dioxide. 

[0008] 

[Means for Solving the Problem] The washing approach of this invention is the 
washing approach for removing the matter adhering to a fine structure object, 
and has a summary at the place to which the cleaning agent constituent which 
contains an immiscible washing component and a compatibilizer in a carbon 
dioxide and a carbon dioxide in indispensable is made into the shape of a fluid 
under high pressure, and said fine structure object is contacted. 
[0009] When a carbon dioxide, a washing component, and a compatibilizer 
dissolve in homogeneity under high pressure and have become fluid-like, or 
when forming an emulsification condition under high pressure and having 
become fluid-like, a cleaning effect with good all is acquired. 
[0010] As the above-mentioned washing component, an alkali is desirable and it 
is desirable that they are one or more sorts of compounds chosen from the 
group which consists of a quaternary ammonium hydroxide, a quaternary 
ammonium fluoride, alkylamine, alkanolamine, a hydroxylamine, and ammonium 
fluoride especially. Moreover, as a compatibilizer, alcohol or an alkyi sulfoxide is 
the optimal. 

[001 1] After the washing process by the cleaning agent constituent is completed. 



it is desirable succeedingly to perform tlie 1st rinse process by the carbon 
dioxide and the compatibilizer and the 2nd rinse process only by the carbon 
dioxide under high pressure. In addition, the fine structure object washed by the 
washing approach of this invention is also included in this invention. 
[0012] 

[Embodiment of the Invention] Although the object of the washing approach of 
this invention is a fine structure object, for example, the structure in which 
detailed irregularity like the semi-conductor substrate before resist exfoliation 
was formed is illustrated, it is not limited to a semi-conductor substrate, but if it is 
discontinuous or a washing object with which the continuation layer forms or 
remains of dissimilar material, it can consider as the object of the washing 
approach of this invention on various base materials, such as a metal, plastics, 
and ceramics. 

[0013] By the washing approach of this invention, the greatest description is in a 
carbon dioxide in consideration of the point that a detergency is inadequate, only 
with a high-pressyre carbon dioxide at the place which uses together with a 
high-pressure carbon dioxide an immiscible washing component and the 
compatibilizer which can turn into an assistant which makes a carbon dioxide 
dissolve or homogeneity distribute this washing component as a cleaning agent 
constituent. Using a carbon dioxide with high pressure here has a high diffusion 



coefficient, and it is because the dissolved contannination can be distributed in a 
medium, and when it is further made high pressure and is made supercritical 
fluid, it is because it comes to have the middle property of a gas and a liquid and 
a detailed pattern part can be permeated now one layer of nearby. What is 
necessary is here, for high pressure to mean 5 or more MPas, and just to be 31 
degrees C and 7.1 MPas or more, for considering as supercritical fluid. 
[0014] As a washing component mixed by the carbon dioxide, it does not 
dissolve in a carbon dioxide, and if it is the compound which can remove a 
pollutant from a fine structure object, it will not be limited especially. The 
compound which dissolves in a carbon dioxide, namely, presents the 
transparent mixed state to a carbon dioxide and homogeneity under high 
pressure made it requirements not to dissolve in a carbon dioxide, and the high 
compound of washing capacity is because it was not found out In an 
invention-in-this-application person's etc. examination. 

[0015] As a washing component, a basic compound is desirable. It thinks 
because there is an operation which hydrolyzes the high polymer used 
abundantly at a resist. One or more sorts of compounds chosen from the group 
which consists of a quaternary ammonium hydroxide, a quaternary ammonium 
fluoride, alkylamine, alkanolamine, a hydroxylamine (NH20H), and ammonium 
fluoride (NH4F) as an example of a basic compound have highly desirable 



washing capacity. When removing especially the novolak mold phenol resin 
system resist which is the difficulty exfoliation matter from a semi-conductor 
substrate and a detergency is needed most, it is desirable as a washing 
component to choose any one or more sorts of a quaternary ammonium 
hydroxide, a quaternary ammonium fluoride, a hydroxylamine, and the 
ammonium fluoride. 

[0016] As a desirable example of a quaternary ammonium hydroxide, 
tetramethylammonium hydroxide, hydroxylation tetraethylammonium, 
hydroxylation tetrapropylammonium, hydroxylation tetrabutylammonium, and 
[HOCH2CH2 choline (CH3) N 3] +OH- is mentioned. 

[0017] As a desirable example of a quaternary ammonium fluoride, 
tetramethylammonium fluoride and tetraethylammonium fluoride and 
tetrapropylammonium fluoride and tetrabutylammonium fluoride and 
HOCH2CH2 choline N 3 [fluoride (CH3)] +F- is mentioned. 
[0018] As a desirable example of alkylamine, fatty amines, such as 
monomethylamine, dimethylamine, a trimethylamine, ethylamine, diethylamine, 
triethylamine, propylamine, a dipropyl amine, and tripropylamine, are mentioned. 
Monoethanolamine, diethanolamine. and triethanolamine are mentioned as a 
desirable example of alkanolamine. 

[0019] As for a washing component, being contained more than 0.01 mass % is 



desirable among cleaning agent constituent 100 nnass %. It is more than 0.05 
mass % more preferably. However, when it is made to contain exceeding 8 
mass %, it is desirable to make the amount of a compatibilizer below into 8 
mass %, since there is a possibility that a multi-kink colander may not be 
obtained, but the amount of a carbon dioxide may decrease as a result, and 
permeability may worsen, A more desirable upper limit is 4 mass % preferably to 
6 mass % and a pan. 

[00201 the above-mentioned washing component is independent — or even if two 
or more sorts are mixed, it will not dissolve to a carbon dioxide but will separate 
into the phase of a carbon dioxide, and the phase of a washing component. For 
this reason, a compatibilizer is contained in the cleaning agent constituent of this 
invention in indispensable as the 3rd component. The "compatibilizer" in this 
invention is a compound which has compatibility to both the carbon dioxide and 
the washing component, and if there is no compatibilizer, a compound with 
which a cleaning agent constituent (a carbon dioxide, a washing component, 
and compatibilizer) dissolves in homogeneity under high pressure, and it 
becomes fluid-like by existence of a compatibilizer, or the carbon dioxide and 
washing component which carry out two-phase separation form an 
emulsification condition, and become fluid-like will be called compatibilizer. 
Although the direction of the fluid of transparence which dissolved in 



homogeneity is considered that the penetrating power to a detailed pattern is 
high, if it is the fluid which forms a particle smaller than spacing of the heights of 
a detailed pattern, or the width of face of a crevice, and is presenting the 
emulsification condition, in order to demonstrate washing capacity enough, you 
may be in such an emulsification condition. 

[0021] Although it will not be limited as a compatibilizer especially if an alkali can 
be made to compatibility-ize with a carbon dioxide, alcohol and an alkyi sulfoxide 
are mentioned as a desirable thing. As an example of alcohol, a methanol, 
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, the diethylene-glycol 
monomethyl ether, diethylene glycol monoethyl ether, and hexafluoro 
isopropanol are mentioned. Especially, a methanol, ethanol, and isopropanol are 
excellent in the compatibility-ized operation, and desirable. Moreover, as an alkyI 
sulfoxide, dimethyl sulfoxide is desirable. 

[0022] As for a compatibilizer, it is desirable to choose a class or to fluctuate the 
amount used according to the class and amount of a washing component, the 
amount of a washing component -- receiving — a compatibilizer — more than 5 
mass twice - what is necessary is for a carbon dioxide and a uniform and 
transparent dissolution condition to be easy to be shown, and just to choose a 
compatibilizer suitably in the range of 10 - 50 mass % so that it may be in the 
penetrant remover condition of a request of either an emulsification condition or 



a dissolution condition if it exists Wlien a compatibilizer exceeds 50 mass %, 
there is a possibility that the amount of a carbon dioxide may decrease as a 
result, and permeability may worsen. 

[0023] The concrete approach for washing using the cleaning agent constituent 
which consists of the carbon dioxide and washing component which were 
explained above, and a compatibilizer is hereafter explained using a drawing. 
Drawing 1 is an example of the washing station for enforcing the washing 
approach of this invention. 1 — a carbon-dioxide bomb and 2 — a carbon-dioxide 
liquid-sending pump and 3 - a washing component tank and 4 - for a 
compatibilizer tank and 7, as for a change bulb and 9, a compatibilizer 
liquid-sending pump and 8 are [ a washing component liquid-sending pump and 
5 / a change bulb and 6 / a high pressure vessel and 10 ] thermostats. First, a 
washing object is put in into a high pressure vessel 9. Subsequently, a high 
pressure vessel 9 is set as predetermined temperature with a thermostat 10, 
supplying a carbon dioxide to a high pressure vessel 9 with a pump 2, and 
adjusting a pressure from the liquefaction carbon-dioxide bomb 1 . It may replace 
with a thermostat 10 and a thing with heating apparatus may be used as a high 
pressure vessel 9. Subsequently, a washing process starts by introducing a 
washing component and a compatibilizer from each tank 3 and 6 to a high 
pressure vessel 9 using pumps 4 and 7. At this time, feeding of a carbon dioxide, 



a washing component, and a compatibilizer may be a batch type to which what is 
performed continuously stops feeding in the phase which reached the 
predetermined pressure, or any are sufficient as it. 

[0024] A washing process is performed at 31-120 degrees C. If lower than 31 
degrees C, that washing is completed will take time amount and effectiveness 
will become low, but even if it exceeds 120 degrees C, when improvement in 
washing effectiveness is not accepted, it is useless in energy. 5-30MPa of a 
pressure is desirable and it is good to carry out by 7.1-20MPa more preferably. 
Although what is necessary is just to change suitably the time amount which 
washing takes according to the magnitude of a washing object, the amount of a 
pollutant, etc., it is enough in several minutes - about dozens of minutes. 
[0025] A rinse process is performed after washing. At a rinse process, since it is 
possible to deposit if the solution after washing in which a resist etc. is 
intermingled is suddenly mixed only with a carbon dioxide, the 1st rinse process 
by the mixture of a carbon dioxide and a compatibilizer is performed first. What is 
necessary is just to make the solution after washing draw from a high pressure 
vessel 9 according to the amount of installation (for a flow meter 12 to be 
checked), changing feeding of a washing component and specifically introducing 
a stop, and a carbon dioxide and a compatibilizer to a high pressure vessel 9 by 
the bulb 5. The thing which you reduce the amount of feeding of a compatibilizer 



and is made to fill up only a carbon dioxide with a rinse process into a high 
pressure vessel 9 finally gradually or gradually using the change bulb 8 (the 2nd 
rinse process) and which are made like is desirable. It is because desiccation is 
easy. In the carbon-dioxide recovery process which consists for example, of 
vapor-liquid-separation equipment etc., since It is separable into a gas carbon 
dioxide and a liquefied component, the liquid drawn at the washing process and 
the rinse process can collect and reuse each component. 
[0026] If the interior of a high pressure vessel 9 is made into ordinary pressure, 
since most carbon dioxides will become a gas in an instant and after rinse 
process termination will evaporate by the pressure regulating valve 11, washing 
objects, such as a substrate, are dried without [ without silverfish etc. arises on 
the front face, and ] destroying a detailed pattern. 
[00271 

[Example] Although this invention is further explained in full detail according to 
an example below, the following example does not restrict this invention and all 
the things done for modification implementation in the range which does not 
deviate from before and the after-mentioned meaning are included by the 
technical range of this invention. In addition, unless it refuses especially, the 
"section" shows the "mass section" and "mass %" is shown"%." 
[0028] the example 1 of an experiment - the washing component was first 



examined under ordinary pressure. After it formed Si02 film on Si substrate and 
applied the novolak mold phenol resin system resist on it, the development of 
the sample used as a washing object was carried out, patterning of it was carried 
out and what performed dry etching by fluorine system gas further, and formed 
the detailed pattern was used for it. The washing component and the 
above-mentioned sample which were shown in Table 1 were paid to the 
container, and it was immersed for 20 minutes under the ordinary pressure 
ambient atmosphere at 40-100 degrees C (it heats, when it is hard to exfoliate). 
When an immersion experiment was conducted only of a washing component, 
the rate of exfoliation of a resist made O x and 90% or more of thing for the thing 
of under 90% (after-mentioned). Moreover, even if it used the solution which 
diluted the washing component with dimethyl sulfoxide etc. 100 times, the rate of 
resist exfoliation made O 90% or more of thing. A result is shown in Table 1. In 
addition, ammonium fluoride conducted the immersion experiment with the 
solution (1%) by the mixed solvent of water and dimethylformamide (1:9) by 
ordinary temperature for the solid-state. Moreover, the rate of resist exfoliation is 
a rate of surface ratio which checked and computed under the microscope the 
area of the part into which the resist exfoliated to the area which had adhered 
from the first. 
[0029] 
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[0030] The washing capacity excellent in a quaternary ammonium hydroxide, a 
quaternary ammonium fluoride, a hydroxylamine. and especially ammonium 



fluoride was shown, and, subsequently alkylamine and alkanolamine showed 
good washing capacity so that clearly from Table 1. 

[0031] The effectiveness of a compatibilizer was examined using the equipment 
shown in example of experiment 2 drawing 2 . While feeding the carbon dioxide 
into the high pressure vessel 17 to which the glass window 18 was attached with 
the pump 14 from the carbon-dioxide bomb 13 and carrying out the pressure up 
to it to 20MPa(s), the internal temperature of a high pressure vessel 17 was set 
as 80 degrees C with the thermostat 19. The liquid mixed beforehand was fed 
into the high pressure vessel 17 with the pump 16 from the tank 15 so that it 
might become the rate (it expressed as the concentration within a high pressure 
vessel) which showed the washing component and the compatibilizer in Table 2, 
tales-doses discharge of the carbon dioxide was carried out at coincidence, and 
the pressure was maintained to 20MPa(s). In this condition, when a carbon 
dioxide, and a washing component and a compatibilizer do not melt together, 
two-phase separation is carried out to the phase of a carbon dioxide, and the 
mixed phase of a washing component and a compatibilizer. Seeing from the 
glass window, what is carrying out two-phase separation evaluated as O x and 
the thing which has not carried out two-phase separation, and showed the result 
in Table 2. 
[0032] 
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[0033] Although two-phase separation of the example (experiment No.10) of 
only a carbon dioxide and the example (experiment No. 11) which added only the 
compatibilizer to the carbon dioxide naturally had not been carried out from 
Table 2, the example (experiment No. 12) by which the compatibilizer Is not 



added was divided into the two phase. However, in experiment No. 1-9 which are 
an example of this invention, each became a transparent homogeneity solution 
and the effectiveness of a compatibilizer was checked. 

[0034] Using the equipment shown in example of experiment 3 drawing 1 , the 
washing component and the compatibilizer were changed, as shown in Table 3, 
and the washing experiment of the sample created in the example 1 of an 
experiment was conducted. O and 60% or more were made into O, and 10% or 
less was made into x for the time when the resist had exfoliated 90% or more. 
[0035] 



[Table 3] 
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[0036] Although the resist has exfoliated finely, by experiment No. 18-1 9 without 
experiment No. 17 and the washing component of only a carbon dioxide, quite 
many resists remained experiment No. 13-1 6 equivalent to the example of this 
invention. 
[0037] 

[Effect of the Invention] According to the washing approach of this invention, the 
point that a detergency is inadequate is taken into consideration only with a 
liquefied carbon dioxide. Since a washing component immiscible to a carbon 
dioxide and the compatibilizer which can turn into an assistant which makes a 
carbon dioxide dissolve or homogeneity distribute this washing component are 
used together with a carbon dioxide as a cleaning agent constituent The matter 
adhering to a fine structure object, for example, the resist film which became the 
needlessness on a semi-conductor substrate, an etching polymer, etc. can be 
easily removed now. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing an example of the washing station 



for enforcing the washing approach of this invention. 

[Drawing 2] It is the explanatory view of the washing station used in the example 
2 of an experiment. 
[Description of Notations] 

1 13 Carbon-dioxide bomb 

2 14 Carbon-dioxide liquid-sending pump 

3 Washing Component Tank 

4 Washing Component Liquid-Sending Pump 

5 Change Bulb 

6 Compatibilizer Tank 

7 Compatibilizer Liquid-Sending Pump 

8 Change Bulb 

9 17 High pressure vessel 

10 19 Thermostat 

1 1 Pressure Regulating Valve 

12 Flowmeter 

18 Glass Window 
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